P
ERSISTENT pain after limb amputation is common, most often taking the form of phantom limb pain or localized pain in the residual portion of the limb (stump pain). The conflicts in Afghanistan and Iraq have brought this to the forefront: in a report 1 appearing in 2008, of the 8,058 reported military casualties in US military personnel, 5,684 (70.5%) had major limb injuries; and 423 (7.4%) of patients with major limb injuries underwent amputation. In a recent nationwide survey 2 of more than 1,088 amputees in Germany, 14.8% were pain free, 74.5% had phantom limb pain, 45.2% had stump pain, and 35.5% had a combination of both types of pain. This pain led to sleep disorders in most of those affected 1 and has been linked with long-term adverse health outcomes, including acceleration in onset of cardiovascular disease, obesity, and chronic joint and low-back pain. 3 Not all amputees experience persistent pain, and the reasons for this are unclear. One of the risk factors that seem to be associated with a higher prevalence of persistent pain is severe and poorly controlled pain before surgery, 4 raising the possibility that providing good analgesia before amputation may well decrease the risk of developing chronic pain. In this issue of ANESTHESIOLOGY, Karanikolas et al. 5 present the results of a small randomized controlled trial in patients undergoing amputation; the results further support the notion that providing for good pain control before amputation may be one of our best hopes of minimizing the risk of persistent pain after amputation.
The concept of "preemptive analgesia" (i.e., the idea that central sensitization might be mitigated or prevented altogether by reducing or eliminating the barrage of nociceptive input reaching the central nervous system and thereby decreasing the degree of central sensitization) arose more than a decade ago. 6 Anesthesiologists embraced the concept that establishing neural blockade in the area of surgery before the surgical insult might improve pain treatment. The idea that preoperative epidural blockade could be used preemptively to provide analgesia before amputation and reduce the prevalence of persistent postamputation pain in the first 12 months after surgery was first tested by Bach et al. 7 in 1988. In this study, 11 patients received a continuous lumbar epidural block so that they were pain free for 3 days before the operation; however, patients who received epidural analgesia and remained in pain were excluded from the trial, a significant shortcoming in this small study. The control group of 14 patients all had preoperative limb pain. Seven days after the operation, 3 (27%) of 11 patients in the preoperative epidural group and 9 (64%) of 14 patients in the control group had phantom limb pain. After 6 months, all patients in the epidural group were pain free, whereas 5 (36%) of 14 patients in the control group had pain. After 1 yr, all the patients in the epidural group were still pain free; 3 (21%) of 14 patients in the control group had phantom limb pain. Despite these promising early results, numerous studies have ensued and the true benefit of preemptive analgesia in and of itself appears to be limited. 8 Nevertheless, severe pain after amputation is clearly associated with a higher prevalence of postamputation pain, 9, 10 suggesting that aggressive efforts to control pain before surgery may have the potential of decreasing the prevalence of chronic pain. The outcomes in previous trials of preemptive analgesia and phantom limb pain in comparison with the new trial appearing in this issue are shown in Table 1 .
In the study by Karanikolas et al., 5 which appears in this issue of ANESTHESIOLOGY, 65 patients with severe lower-limb ischemic pain from peripheral vascular disease underwent amputation and were assigned to one of five analgesic regimens, including preoperative, intraoperative, and/or postoperative use of epidural analgesia or intravenous opioids, delivered by a patient-controlled analgesia device to provide adequate pain relief. Small groups of patients receiving these interventions were compared against standard means of providing preoperative analgesia using intermittent nurse-administered doses of intramuscular opioid. The analysis reveals consistent and striking differences between the control group receiving intramuscular opioid and all other treatment groups: the patient groups whose pain was well controlled perioperatively using combinations of intravenous patientcontrolled analgesic opioid and/or epidural analgesia had a dramatically decreased prevalence of phantom limb pain 6 months after amputation compared with the opioid analgesia alone group (15 [28.8%] of 52 patients vs. 9 [75.0%] of 12 patients). In addition to decreasing the prevalence of phantom limb pain, the severity of symptoms in those who did develop phantom limb pain was lower in the groups with better pain control before surgery than in the control group. Therefore, providing good perioperative pain control before and after amputation was enough to dramatically reduce the prevalence and severity of postamputation pain.
The means used to control pain preoperatively in the control group in this study deserve special attention. Those receiving "conventional" preoperative analgesia (i.e., the control group) were given intramuscular meperidine or codeine/acetaminophen orally and had much higher pain scores (of a total 100) before surgery. This group of control patients had severe and ongoing pain (median pain score, 70) at the end of the 48-h preoperative observation period just before amputation. In comparison, patients receiving either intravenous patient-controlled analgesic opioids or epidural analgesia preoperatively had little or no pain just before amputation (median pain score range, 0 -20). Is this really conventional treatment? A brief glance at the baseline pain scores in available published trials (table 2) demonstrates that the baseline pain scores in the current study were not atypical; however, the pain scores in the treatment group once pain treatment had been initiated remained higher than would be expected with free access to opioid analgesics on demand. It is unlikely in most developed nations that patients would be allowed to continue for 48 h with reports indicating severe and ongoing pain without more aggressive treatment of some kind. Karanikolas et al. 5 note, "The high perioperative pain scores in the control group raise the concern that analgesic doses and/or frequency was inadequate. However, unfortunately, analgesia, as provided in the control group, was the norm in our hospital and probably in many other hospitals." BUP ϭ bupivacaine; C ϭ clonidine; DM ϭ diamorphine; EPID ϭ epidural; GA ϭ general anesthesia; GABAPENT ϭ gabapentin; IV ϭ intravenous; KETA ϭ ketamine; LTFU ϭ initial patient population lost to end follow-up; M ϭ morphine; NS ϭ nonsignificant; PCA ϭ patient-controlled analgesia; PCC ϭ prospective case-controlled study; PLP ϭ phantom limb pain; PN ϭ perineural block; PO ϭ orally; POC/HS ϭ prospective observational cohort study with historical control; RCT ϭ randomized controlled trial. The current study is plagued by the same limitations apparent in previous trials; the most worrisome of these limitations is the small sample size in the groups. Because of the few patients in each treatment group, it is difficult to interpret the results between the treatment subgroups receiving different intraoperative and postoperative analgesic regimens (i.e., the relative role of epidural vs. patientcontrolled analgesia). Nevertheless, the conclusions of this and many previous studies seem to be similar. Simply providing good pain control in the hours leading up to limb amputation and continued postoperatively with whatever means are available might well decrease the probability and severity of phantom limb pain. Sadly, poor control of pain before amputation likely remains more the rule than the exception. We can do better with the simple tools that are readily available to us today. What once passed for conventional perioperative analgesia should no longer be acceptable practice: the long-term well-being of our patients undergoing limb amputation is in our hands. 
